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VECTOR AND METHOD OF USE FOR NUCLEIC ACID 
DELIVERY TO NONWtDING CELLS 



This invention was made with Government support from grant no, ROI AJ3751 0 and 
CA 44360 awarded by me Naito^ has 
5 rights ffi the invention. 



Field of the Invention 

The present invention relates generally to the field of viral vectors and specifically to 
a novel recombinant retrovirus useful tor the transfer and expression of nuctefc acid 
sequences in fKjrwfivtding cefls. 

10 Background of the Invention 

The development of genetic vectors has heralded the fest^itwring field of somatic 
gene transfer. Vectors i3ased on sJrnpter^rovHuses, such as the Moton^ Leukerne 
Vims (WLV) , are often selected because they efficiently integrate into the genome of 
the target cell. Integration is thought to be a prerequisite for long-term expression of - 

15 the transduced gene. However, currently available retroviral vectors can only 
integrate in actively divkfing cefc which severely limfts their use tor in vivo gene 
transfer. Non-dividing celts are the predominant, long-lived cell type in the body, and 
account for most desirable targets of gene transfer, induing 5ver, muscle, and brain. 
Even protocols attempting the transduction of hematopoietic stem cells require 

20 demanding ex wvo procedures for triggering cell division m these ceils prior to 
Infection 

In the earty steps of infection, retroviruses deliver their nucieoprotein core into the 
cytoplasm of the target ceB. Here, reverse transc ri ption of the viral genome takes 
place white the core matures into a preintegraton complex- The complex must reach 
25 the nucleus to achieve integration of the viral DNA into the host cell chromosomes. 
For simple retroviruses (oncoretrovinuses), this step requires the dissolution of the 
nuclear membrane at mitotic prophase, most likely because the bufcy size of the 
preintegraSon complex prevents its passive diffusion through the nuclear pores. 

While retroviral vectors are useful for many kinds of in vitro gene transfer studies. 
30 problems including low titers limits their use for some in vitro and most in wo studies. 
Further, another problem is that integration of retroviral vectors into the host genome 
was thought to be restricted to cells undergoing DNA replication. Thus, although 
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retroviral vectors capable of infecting a broad class of cell types are known, cell 
division is necessary for the pruviral integration of these vectors. Tfiis effectivety 
restricts the efficient use of retrovirus vectois to replicating ceBs. TTius, retroviruses 
have not been utilized to introduce genes into non-dividing or postmitotic celts, 

5 A possible way around this obstacle was suggested by recent studies of the 
pathogenesis oftentovirai diseases. Lenthnruses are complex retroviruses, which, in 
addition to the common retroviral genes gag, pel, and env. contain other genes with 
regulatory or structural function- The higher complexity enables the virus to modulate 
its Bfe cycle, as in the course of Went infection. A typical (entrants is the Human 

10 Imrnunodeficiency Vims (HtV). the etiotogic agent of AIDS, in wvo, HIV can infect 
macrophages which are terminahy cfifferentiated cells that rarely divide. In vitro, HIV 
can infect primary cultures of monocyte*derived macrophages (MDM), and HeLa-Cd4 
or T lymphoid cells arrested m the celt cyde by treatment wfth aphicficofin or y 
irradiation. Infection of these cefls is dependent on the active nuclear import of HtV 

15 preinteg ration complexes through the nuclear pores of the target cells. This occurs 
by the interaction of multiple, partly redundant, molecular determinants in the complex 
with the nuclear import machinery of the target ceil Identified determinants include 
a functional nuclear loca&zation signal (NLS) in the gag MA protein, the karyophiiic 
virion-associated protein vpr, and a Otemrinai phosphotyrosine residue in a subset 

20 of the gag MA protein. 

Summary of the Invention 



25 



The present invention provides a recombinant retrovirus that infects no n-dtviding host 
cells and transfers nucleic add sequences which can then be expressed in the host 
cell. Thus, the present invention solves a tong^eft need fer a means of delivery of 
nucleic acid sequences to non-dividing ceils. 



30 



In a first embodiment the invention provides a recombinant retrovirus capable of 
infecting a non-dividing cell comprising a viral GAG, a vtrat POL a viral ENV, a 
heterologous nucleic aod sequence operably linked to a regulatory nucleic acid 
sequence, and c*s-acfing nucleic add sequences necessary for reverse transcription 
and integration. The recombinant retrovirus of the invention is preferably a lentivirua. 



In another embodiment, the invention provides a method of producing a recombinant 
rctaavirus caoataie of infectina a norvdividino cell comprising transfectlng a suitable 
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host cell with the following: a vector providing a nuctefc acid encoding a viral gag and 
a viral poi, a vector providing a nudeic add encoding a viral env, a vector providing 
a nucleic acid sequence encoding a packaging signal flanked by Gis-acSng nucleic 
add sequences for reverse transcription and integration, and providing a cloning sfte 
for introduction, of a heterologous nuctete add sequence, operabfy linked to a regul- 
atory nudetc arid sequence* and recovering the recombinant virus. 



10 



In yet another embodiment, the invention provides a method for introduction and 
expression of a heterologous nucleic acid sequence in a non-dividing cell comprising 
infecting the norKfividing ceB with *e recombinant virus of the invention and 
expressing the heterologous nudeic add sequence in the non-dividing ceU. 



BrielPescription of the Drawings 

Figure 1 is a schematic illustration of the method for production of an HIV-based 
recombinant-retrovirus. 

Figure 2 is a table of the titer of infectious virus particles using a VSV.G env, LacZ 
1 5 reporter gene and a packaging construct having an HIV (pCMVDRB) or MLV gag/pol 
before and after concentration (= "yield*). 



Figure 3 is a table of titers of recombinant vims after co-transfection of 293T cells 
(fibroblast packaging cell line) with HIV-feased and MlV-based packaging constructs. 

Figure 4 is a graph of the efficiency of transduction of HIV and MlV-based CMV-JJ- 
20 gatectosidase vectors trrto growing HeLa ceBs, cells arrested at the G1/S interphase 
by aphrdtcofin. and oefis arrested at G2 by x-rays. 

Figure S is a gpaph of the efficiency of transduction of HIV and MLV CMV-luciferase 
vectors into rat 2Q8F fibroblasts in GO after 4, 7, 11, and 15 days. 



25 



Fgure 6 is a graph of the efficiency of transduction of HIV arid MLV CMV-ludfaraae 
vectors into human primary macrophages. 



Figure 7 is a graph of survival of HIV- and MLV-based vector in cells arrested for 3 
weeks, inoculated with the vectors, and induced to divide at indicated times after 
infection. 
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Description crfthg Preferred Embodiments 

The present invention provides a recombinant retrovirus capable of infecting non- 
divicfing celts. The virus is useful for them v/fvoand ex vim transfer and expression 
of genes nucleic acid sequences {e.g., in non-dividing cells). 

5 Retroviruses are RNA viruses wherefli the viral genome is RNA. When a host cell is 
infected with a retrovirus, the genomic RNA is reverse transcribed into a ONA 
intermediate which is integrated veiy efficiently into the chromosomal DMA of infected 
cel& This integrated DNA intermediate is referred to ss a proving Transcription Of 
the provims and assembly into infectious virus occurs in the presence of an 

10 appropriate helper virus or in a cell line containing appropriate sequences enabling 
encapsidation without coincident production of a contaminating helper virus. As 
described below, s helper virus is not required for the production of flie recombinant 
retrovirus of the present invention, since the sequences for encapsidation are 
provided by co-transtf ecfion with appropriate vectors. 

1 5 The retroviral genome and the proviral DMA have three genes: the gag, the pot % and 
the erjv t which are flanked by two long terminal repeat (LTR) sequences. The gag 
gene encodes the internal structural (matrix, capskJ, and nucJeocapsid) proteins; the 
po/ gene encodes the RNA-directed DNA polymerase (revenue transcriptase) and the 
em gene encodes viral envelope glycoproteins. The 5* and 3* LTRs serve to promote 

20 transc rip tion and pdyadwrylafion of the virion RNAs, The LTR contains all other as- 
acting sequences necessary for viral repficabon. Lentiviruses have additional genes 
including vif, vpr, tat rev, vpu, nef, and vp* (in hH\M , HlV-2 andtor SIV). 

Acifacent to the ? LTR are sequences necessary for reverse transcription of the 
25 genome (the tRN A primer binding site) and for efficient encapsidation of viral RNA 
into particles (ihe'Psi site) If the sequences necessary for encapsidation (or 
packaging of retrovirus! RNA into infectious virions) are missing from the viral 
genome, the result is a crs defect which prevents encapsidation of genomic RNA. 
However, the resulting mutant is sfitl capable of directing me synthesis of all virion 
30 proteins. 



In a first embodiment the invention provides a recombinant retrovirus capable of 
infecting a non-dividing ceil. The recombinant retrovirus comprises a viral GAG, a viral 
om a wirai pnu a hfitemtooous nucleic add seouence ooerablv finked to a 
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regulatory nucleic add sequence, and ds-acting nucleic acid sequences necessary 
for packaging, reverse transcription and integration, as described above, It should be 
understood ihat the recombinant retrovirus of the invention is capable of infecting 
dividing cells as weU as non-dividing ceils. 

The recombinant retrovirus of the tnven&on ts therefore genetically modified in sucfc 
a way that some of the structural, infectious genes of the native virus have been 
removed and replaced instead with a nucleic acid sequence to be delivered to a 
target non-dividing cell. After infection of a cell by the virus, the virus injects its 
nucleic add into the cell a nd the retrovirus genetic material can integrate into the host 
cell genome- The transferred retrovirus genetic material is then transcribed and 
translated into proteins within the host ceil. 



The invention provides a method of producing a recombinant retrovirus capable of 
infecting a rron-cfivitfing cetf comprising ttansfecang a suitable host cell with the 
following: a vector providing a nucleic acid encoding a viral gag and a viral pol; a 

15 vector providing a nucteic add encoding a viral env; a vector providing a nucleic acid 
sequence encoding a packaging signal tented by era-acting nucleic add sequences 
for reverse transcription and integration, and providing a doning site for introduction 
of a heterologous gene, operabfy [irked to a regulatory nucteic aad sequence, and 
recovering the recombinant virus. An illustration of the individual vectors used in the 

20 method of the invention is shown in FIGURE 1. 

j 

The method of the invention includes the combination of a minimum of three vectors 
in order to produce a recombinant virion or recombinant retrovirus, A first vector 
provides a nucteic acid encoding a viral gag and a viral pol. (see the illustrative 
Packaging Construct FIGURE 1 ) There sequences encode a group specific antigen 
25 and reverse transcriptase, {and "tntegrase and prutease-ercymes necessary for 
maturation and reverse transcription), respectively, as discussed above. Most 
preferably, the viral gag and pol are derived from a lentivirvs, and most preferably 
from HIV. 

A second vector provides a nucleic add encoding a viral envelope (env). The env 
30 gene can be derived from any virus, including retroviruses. The env may be 
amphotroptc envelope protein which allows transduction of cells of human and other 
species, or may be ecotroptc envelope proton, which is abteto transduce only mouse 
andratcete. Further, n may be desirable to target the recomtenant virus by linkage 
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of the envelope protein with an antibody or a particular ligand for targeting to a 
receptor of a particular cell-type. By inserting a sequence (indudSng r^utatory 
region) of interest into the viral vector, along with another gene which encodes the 
ligand for a receptor on a specific target cell, to example, the vector is now target 
6 specific Retroviral vectors can be made target specific by inserting, for example, a 
glycofipki, or a protein. Targeting is often accomplished by using an antibody to 
target the retroviral vector- Those cf skill in the art wfll know of, or can readily 
ascertain wfthout undue experimentation, specific methods to achieve delivery of a 
retroviral vector to a specific target 

10 Examples of retruviraWerived env genes include, but are not limited to: Moloney 
murine leukemia virus (MoMuLV), Harvey murine sarcoma virus (HaWuSV), murine 
mammary tumor virus (MuMTV), gibbon ape leukemia virus (GaLV), human 
immunodeficiency virus (HIV) and Rous Sarcoma Virus (RSV), Other env genes such 
as Vesicular stomatitis virus (VSV) (Protein G) can also be used. 

15 The vector providing the viral env nucleic acid sequence is operably associated with 
regulatory sequence. e_g. r a promoter or enhancer, (see PseudotypSng ENV piasrnki, 
FIGURE 1) Preferably, the regulatory sequence is a viral promoter. The regulatory 
sequence can be any eukaryotic promoter or enhancer, including for example, the 
Moloney murine leukemia virus promoter-enhancer dement, the human 

20 cytomegalovirus enhancer (as used in the illustrative example), or the vaccinia P7.5 
promote-. In some cases, such as the Moloney murine leukemia virus promoter- 
enhancer element these promoter-enhancer elements are located within or adjacent 
to the ITR sequences, 

AJhW vector provides the ds~acSng viral sequences necessary forthe viral life cycle. 
25 Such sequences include the v packaging sequence, reverse transcription signals, 
integration signals, vital promoter, enhancer, and polyadenyiation sequences. The 
third vector also contains a cloning site for a heterologous nucleic acid sequence to 
be transferred to a rxro^ 



30 Since recombinant retroviruses produced by standard methods in the art are 
defective, they require assistance in order to produce infectious vector particles. 
Typically, this assistance is provided, for example* by using helper cell line that 
provides the missing viral functions. These plasrruds are missing a nucleotide 
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sequence which enables the packaging mechanism to recognize an RN A transcript 
for encapsulation. Helper cell lines which have detetais of the pa<*agir^ s^ 
include but are not limited to U>2, PA317 and PA12, for example. Suitable cell lines 
produce empty virions, since no genome is packaged, if a retroviral vector is 
5 introduced into such cells in which the packaging signal is intact but the structural 
genes are replaced by other genes of interest the ve(±* can 
virion produced. 

The method of producing the recombinant retrovirus of the invention fe different than 
the standard helper viru^ or 
10 more individual vectors used to co-trartsfect a suitable packaging ceB Sne coBectively 
contain sll of the required genes for production of a recombinant virus for infection 
and transfer of nucleic acid to a norndividing cell. Consequently, there is no need for 
a helper virus. 

The heterologous nucleic add sequence is operaWy linked to a regulatory nudefe 
1 5 acid sequence. As used herein, the torn "heterologous" nucleic add sequence refers 
to a sequence that originates from a foreign species, or* if from the same species, it 
may be substantially modified from its original form. Alternatively, an unchanged 
nucleic acid sequence mat is not normally expressed in a celt is a heterologous 
nucleic add sequence. The term "operably linked" refers to functional linkage 
20 between the regulatory sequence and the heterologous nucleic acid sequence. 
Preferably, the heterologous sequence is finked to a promoter, resulting in a chimeric 
gene. The heterologous nucteic add sequence is preferably under control of either 
the viral LTR promoter-enhancer signals or of an internal promoter, and retained 
signals within the retrovirual LTR can stfH bring about efficient integration of the vector 
25 into the host ceil genome. 

The promoter sequence may be homologous or heterologous to the desired gene 
sequence. A wide range of promoters may be utilized, including viral or mammalian 
promoter. Cell or tissue specific promoters can be utifeed to target expression of 
gene sequences in specific cell populations. Suitable mamrnafian and viral promoters 
30 for the present invention are available in the art 



Preferably during the cloning stage, the nucleic acid construct referred to as the 
transfer vector, having the packaging signal and the heterologous cloning site, also 
contains a selectable marker gene. Marker genes are utilized to assay for the 
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presence of the vector, and thus, to confirm infection and integration. The presence 
of this marker gene ensures the growth of oniy those ho£ ceBs which express the 
inserts- Typical selection genes encode proteins that confer resistance to antibiotics 
and other toxfc substances, e.g., histkSnol, pummyc&v hygromycm, neomycin, 
5 methotrexate, etc. The Bustrative examples herein utilize the (J-gaiactosidase (LacZ) 
or luc^erase reporter or marker system. 

The recombinant virus of the invention is capable of transferring a nucleic acid 
sequence into a non-dividing cell. The term nucleic acid sequence refers to any 

10 nucleic arid molecule, preferably ONA. The nucleic acid motectde may be derived 
from a variety of sources, including DNA, cDNA, synthetic DNA. RNA. or 
combinations thereof. Such nucleic acid sequences may comprise genomic DNA 
which may or may not include naturally occurring introns. Moreover, such genomic 
DNA may be obtained in association with promoter regions, introns. or poly A 

15 sequences. Genomic DNA may be extracted and purified from suitable cefis by 
means well known in the art Alternatively, messenger RNA (mRNA) can be isolated 
from cells and used to produce cDNA by reverse transcription or other means. 

The phrase "non-dividing" cell refers to a ceil that does not go through mitosis. Non- 
dividing cells may be blocked at any point in the cell cycle, (6.5., <VGv G i/S« ^VM). 

20 as long as the cell is not actively dividing. For ex vivo infection, a dividing ceil can be 
treated to block ceU division by standard techniques used by those of sWB in the art, 
inducting, irradiation, aphidocofin treatment serum starvation, and contact inhibition. 
However, it should be understood that ex wvo infection is often performed without 
blocking the cells since many ceBs are already arrested (e.g., stern cells). The 

25 recombinant retrod 

cefl, regardless of the mechanism used to block ceH ^vision or the point irtlhe cell 
cycle at which the cell is blocked. Examples of pre-existing rtorvtfivicHng cells in the 
body tndude neuronal, muscle, liver, don, heart, lung, and bone marrow cells, and 
their derivatives. 



30 Preferably, the recombinant retrovirus produced by the method of the invention is 
tentivirus-derived, and more preferably the recombinant tentivirus is a derivative of 
human immunodeficiency virus (HIV). For public policy reasons, typically when the 
retrovirus is HIV. the envwfflbe derived from a virus other than HIV. 
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The method of the invention provides at least three vectors which provfcte all of the 
functions required for packaging of recombinant virions as discussed above. The 
method also envisions transection of vectors induding viral genes such as vpr, vif, 
nef, vp* r tat, rev, and vpu. Some or all of these genes can be included on the 
5 packaging construct vector, for example, or. alternatively, they may reside on 
individual vectors. There is no firniation to the number of vectors which are utffized, 
as long as they are co-transfected to the packaging cell line in order to produce a 
single recombinant retrovirus. For example, one coukj put the env nucleic add 
sequence on the same construct as the gag and pol. 

10 The vectors are introduced via transfection or infection into the packaging ceil line. 
The packaging cell Vine produces viral particles that contain the vector genome. 
Methods for transfecSon or infection are well known by those of skin In the art. After 
co4rartsfecfon of the at leastthree vectors to the packaging cell fine, the recombinant 
virus is recovered from the culture media and titered by standard methods used by 

15 those of skill in the art 

In another embodiment, the invention provides a recombinant retrovirus produced by 
the method of the invention as described above. 

The invention also provides a recombinant retrovirus capable of infecting a non- 
dividing cell comprising a viral GAG; a viral POL; a viral ENV; a heterologous nudeic 
20 add sequence cperaWy tinted to a regulatory nucleic acid sequence; and cfe^c&ig 
I nucleic acid sequences necessary for packaging, reverse transaction and 

integration. The recombinant retrovirus is preferably a lentMrus, and most preferably 
HIV, As described above for the method of producing a recombinant retrovirus above, 
the recombinant retrovirus of the invention may farther include at least one of VPR, 
25 VIF, NEF. VPX, TAT, REV. and VPU protein. White not wanting to be bound by a 
particular theory, It is beiieved that one or more of these genes/protein products are 
important for increasing the viral titer of the recombinant retrovirus produced (e.g., 
NEF) or may be necessary for infection and packaging of virions, depending on the 
packaging cell fine chosen (e.g: ( VIF). 

30 The invention also provides a method of nucteicac^ transfer to a norK^ 

provide expression of a particular nudeic acid sequence. Therefore, m another 
embodiment, the invention provides a method for introduction and expression of a 
heterologous nucleic acid sequence in a non-dividing ceB comprising infecting the 
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non-dMding cell with the recombinant virus of the invention and expressing the 
heterologous nucleic acid sequence rnthe non-cfivjding ceB. 

It may be desirable to modulate toe expression of a gene regulating molecule in a cell 
by the introduction of a molecule by the method of the invention* The term "modulate" 
envisions the suppression of expression of a gene when it is over-expressed, or 
augmentation of expression when it is under-expressed Where a cell proSferstive 
disorder is associated with the expression of a gene, nucleic acid sequences that 
interfere with the gene's expression at the transitional level can be used. This 
approach utilizes, for example, antisense nucleic arid, ribozymes, or triplex agents to 
block transcription or translation of a specific mRNA, either by masking that mRNA 
with an antisense nucleic acid or triplex agent, or by cleaving it with a ribozyme. 



Antisense nucleic acids are DNA or RNA molecules that are complementary to at 
least a portion of a specific mRNA molecule (VWetntraub. Sctentfc American 1 2K£:40, 
1990). In the cell, the antisense nucleic acids hybridize to the corresponding mRNA, 

16 forming a double-stranded molecule. The antisense nucleic adds interfere with the 
translation of the mRNA, since the cell will not translate a mRNA that is double- 
stranded. Antisense oligomer of about 15 nucleotides are preferred, since they are 
easily synthesized and are less likely to cause problems than larger molecules when 
introduced into the target cell. The use of antisense methods to inhibit the in vitro 

20 translation of genes iswefl known in the art (Marcus-Sakura, Anal.Biochejn*> 322289, 
1968). 

The antisense nucleic add can be used to block expression of a mutant protein or a 
dommantty active gene product such as amyloid precursor protein that accumulates 
in Alzheimer's disease Such methods are also useful for the treatment of 
25 Huntington's disease, heredftary Parkinsonism, and other diseases. Antisense nuctetc 
acids are also useful for the inhibition of expression of proteins associated with 
toxicfly. 

Use of an oiigonucteotide to staR transcription is known as the triplex strategy since 
30 the oligomer winds around doubte-hefical DNA, forming a three-strand heSx. 
Therefore, these triplex compounds can be designed to recognize a unique site on 
a chosen gene (Mater, et at, Antiserm Res. and Dev., 101227, 1991: Hetene. C, 
Anticancer Drug Design, 6{§>:569, 1991). 
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Ribozymes are RNA molecules possessing the ability to specifically cleave other 
single-stranded RNA in a manner analogous to DMA reliction endonudeases. 
Through the modification of nucleotide sequences which encode these RNAs, ft is 
possible to engineer molecules that recognize specific nucleotide sequences In an 
5 RNA molecule and cleave it (Cech t JJ\mer.Med. As$n.^t.303D, 1988). A major 
advantage of thfe^aproachfethat because they are sequence-specific only mRNAs 
with particular sequences are inacfivated. 

It may be desirable to transfer a nucleic add encoding a biological response modifier. 
Included in this category are intmunopotentiaftig agents "including nucleic adds 

10 encoding a number of the cytokines classified as ,r interteukins n . These include, for 
example, interteukins 1 through 1Z Abo included "m this category, although not 
necessarily working according to the same mechanisms! are interferons* and in 
particular gamma interferon (y-IFN), tumor necrosis fector (TNF) and granulocyte- 
macrophagiM^onyBtimu^ It may be desirable to deliver sue* 

15 nucleic acids to bone marrow ceils or macrophages to treat enzymatic deficiencies 
or immune defects. Nucleic acids encoding growth factors, toxic peptides, figands, 
receptors, or other physiologically important proteins can also be introduced into 
specific non-dividing cells. 

The recombinant retrovirus of the invention can be used to treat an HIV infected cell 
20 (e.g., T-ceH or macrophage) with an antt-HIV molecule. In addition, respiratory 
epithelium, for example, c^ be infected wito a re«rob^ 

having a gene for cystic fibrosis transmembrane co nductance regulator (CFTR) for 
treatment of cystic fftmosis. 

The method of the invention may also be useful for neuronal or gfef ceH 
25 transpkntatiort, or " tpd f lh tg", which Involves transpiantattion of cete infected with the 
recombinant retrovirus of the invention ex vivo, or infecfion in vivo into the central 
nervous system or into the ventricular cavities or subdurally onto the surface of a host 
brain. Such methods for grafting will be known to those skilled in the art and are 
described in Wears/ Grafting in the Mammalian CNS t BJoridund and Steftevi, eds., 
SO (1985). incorporated by reference herein. Procedures include intraparenchymal 
transplantation, (/.e M within the host brain) achieved by injection or deposition of 
tissue within tfie host brab so as to be apposed to the brain parenchyma at the time 
ot transptaitiaiion. 



15/01 2003 17:34 FAI 00140613499 



^9 



SERVICE DES BREVETS 



FINNEGAN 



©029 



WO 97/12621 



PCr/OS9&15406 



-12- 

Administration of the cells or virus into selected regions of the recipient subject's bram 
may be made by drilling a hole and piercing the dura to pern* me needle of a 
microsyringeto be inserted. Thecete or recombfriani retrovirus can alternatively be 
injected tntrathecally into the spinal -cord region, A cell preparation infected ex wo, 
5 or the recombinant retrovirus of the invention, permits grafting of neuronal cefts to any 
predetermined site in the brain or spinal cord, and allows multiple grafting 
simultaneously in several different sites using the same cell suspension or viral 
suspension and permits matures of cells from different anatomical regions. 

CeteHifededwaharec»mtenart 

10 Tor treatment of a neuronal disorder for example, may optionatiy contain an 
exogenous gene, for example, a gene which encodes a receptor or a gene which 
encodes a ligand. Such receptors indude receptors which respond to dopamine. 
GABA. adrenafine, noradrenaline, serotonin, glutamate. acetylcholine and other 
neuropeptides, as described above. Examples of Dgands which may provide a 

15 therapeutic effect ina neuronal disorder indude dopamine, acfrenaline, noradrenaline, 
acetylcholine, garnma-aminobutyric add and serotonin. The diffusion and uptake of 
a required ligand after secretion by an infected donor cell would be beneficial in a 
disorder where the subject's neural cett is defective in the production of such a gene 
product. A cell genetically modified to secrete a neurotrophic factor, such as nerve 

20 growth factor, (NGF), might be used to prevent degeneration of cholinergic neurons 
that might otherwise die without treatment Alternatively, cells be grafted into a 
subject with a disorder of the basal ganglia, such as Parkinson's disease, can be 
modified to contain an exogenous gene encoding L-DOPA, the precursor to 
dopami ne. I^rt^an's disease fc 

25 substantia-rugra of the midbrain, which have the basal ganglia as their major target 
organ. 



Otter neuronal disorders that can be treated similarly by the melhod of the invention 
indude Alzheimer's disease, Huntington's disease, neuronal damage due to stroke, 
and damage in the spsTalcorcL Atheimer's disease is charaderfeed by degene^ 

30 of the cholinergic neurons of the basal forebrain. The neurotransmitter for these 
neurons is acetylcholine, which is necessary for their survival. Engraftment of 
chofinergio cells infected wfth a recombinant retrovirus of the invention containing an 
exogenous gene for a factor wtfiich would promote survival of these neurons «n be 
accomplished by the method of the invention, as described. Following a stoke, there 

35 ts selective loss of cells in the CA1 of the hippocampus as well as cortical cell toes 
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which may underlie cognitive function and memory loss in these patients. Once 
identified molecules responsible for CA1 eel death dan be inhibited by the methods 
of this invention. For example, antisense sequences, or a gene encoding an 
antagonist can be transferred to a neuronal ceil and implanted into the hippocampal 
5 region of the brain. 

The method of transferring nuctefcaefci also contend 

in combination with other therapeutic procedures useful in the treatment of disorders 
of the CMS. For example, the retroviral infected cells can be co-administered with 
agents such as growth factors, ganglbskJes, antibiotics, neurotransmitters . n- 
10 eurohormones, toxins, neurite promoting molecules and antimetabolites and 
precursors of these molecules such as the precursor of dopamine, L-DOPA. 

Further, there are a number of inherited neurologic diseases in which defective genes 
may be replaced including; lysosomal storage <feeas« siKSrasthbse involving P- 
hexosaminidase or glucocerebmsidase; defioenoes in hypoxanthine pftosohoribosy! 
15 transferase activity (the "Lesch-Nyhan" syndrome*); amyloid polyneuropathies (- 
prealbumin); Duchenne's muscular dystrophy, and retinoblastoma, for example. 

For diseases due to deficiency of a protein product, gene transfer could introduce a 
normal gene into the affected tissues for replacement therapy, as well as to create 
animal models for the disease using anfeense mutations. For example, it may be 
20 desirable to insert a Factor IX encoding nuctete add rnto a retrovirus for infection of 
a musde of liver cell. 

The following Examples are intended to illustrate, but not to Bmitthe invention. While 
such Examples are typical of those that might be used, other procedures known to 
those skilled in the art may alternatively be utilized 

25 SAMPLES 

The fbDowtng examples illustrate the three-plasmid tentiviral vector system of the 
invention, A nan infectious ptesmid provides in trans the structural and regulatory 
proteins of HIV but the envelope (packaging construct pCMVARB). The transducing 
vector cantons all known as-acting sequences of HtV-and cloning sites for the 
30 rntroducfon of the gene to be transduced (vector ptosmid, pHK% trrthe experiments 
described hereafter, two marker genes (£ cofi (J-galactosidase -Lad-, and firefly 
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lucrferase -Lucif-K driven by the human Cytomegalovirus immediate early, enha- 
re»rfpromc3tEr-CMV orG- have been cloned in the vector plasmkt thus generating 
pHR*CLacZ and pHR-Ciucrf (FIGURE 1). 

A third piasmid encodes a heterologous envelope to pseudotype the viral particles. 

5 Pseudotyping both broadens the host range of the vector, and increases 8s biosafety. 
Three types of erw-encoding plasrmd have been used in the preset examples, 
Piasmid pSVnMUlLV-env (Page, et a» M 1990, J. Wro/_, §4:5270. 1990) encodes the 
amphotropic envelope of the 4070 Moloney Leukemia Virus (MLV/Ampho) under the 
trBTE&riptional control of the MLV LTR^ Piasmid pCMV-Eco erw encodes, the ecotropic 

1 0 envelope of the Moloney Leukemia Virus (MLV/Eco) under the transcriptional control 
of the CMV promoter (N. Somia, Salk Institute, La Jolla, CA). Piasmid pMD.G 
encodes the envelope protein G of the Vescicular Stomatitis Virus (VSV.G) under the 
transcriptional control of the CMV promoter (IX Ory and R. Mulligan. Whitehead 
Institute, Cambridge, MA). ~~ 

1 6 RepHcafen-ctefecttve viral particles were produced by the transient co-transfection of 
the three ptesmids in 293T human kidney cells. The conditioned medium was 
harvested, filtered, and assayed for the transduction of the reporter genes into target 
ceils by standard methods. Human HeLa cells and rat 208F fibroblasts were tested 
in different growth conditions, and the dependence of the transduction on the 

20 progression along the cell cycle was evaluated. Growth arrest by density-dependent 
inhibition of growth (GO) was compared with pharmacological or other means of the 
ceil cycle arrest (later phases of the cycle). The transduction of norKihriding, 
terminally differentiated cells such as macrophages and neurons was also tested, 
both in vftro and in vivo. 



25 



CONSTRUCTION OF OCMVAR8 



The packaging piasmid pCMVDRfi was constructed in a series of steps starting from 
the piasmidpRB, an infectious motecato pR8 was made 

by replacing a BamHt-BssHII fragment in the piasmid pR7 (Kim et a/.. 1 WcL 
30 63:3708, 1989: von Schwedler et a/.. J. VWL, £7:4945, 1993). which contains the 
HFV-t HXB2d proviral DNA (Shaw eta/., Science, 22©:1165, 1984) with aftiR-tength 
nef reading frame, by the homologous fragment from the NL4.3 HIV proviral DNA. 
NL4.3 is a molecularty constructed provirus that contains full-length, functional vpr 
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and vpu reading frames (Adachi et a/., J. Virol., 52:284, 1986). The backbone of 
p lasmid pR77R8 contains the Amp resistance gene ami the pUC origin of reparation 
from plasrnid sp65. and the SV40 origin of replication and the gpt gene from plasmW 
pSVgpL An env-defective version of pRB, pAER8, was made by replacing the 2,7 top 

5 Sall-BamHl fragment with the homologous fragment from pAER7, which contains a 
MUiI linker inserted atthe Stulsite 6831 that fraroeshifts the env reading frame 
(Trono. et at, CeR., 59:113, 1989). A 39 bp internal deletion in the W sequence 
between the S sptice donor site and the starting codpn of the gag gene, was 
introduced in pAERS by placing a 797 bp BssHl^Spel fragment with an homologous 

10 758 fragment containing a previously desafced deletion in the packaging signal 
(Atdovini & Young, J. V&o^ 64:1920, 1990). T*>e resulting plasrnid was called 
pAU*AERB Rasmid pAAU>AER8 was constructed by replacing the 3' HtV LTR with 
the potyadenylation site of insulin genomic DMA (Trono, et al„ Cefl M 5£113, 19B9) 
maintaining intact the nef reading frame. It was constructed by PCR, introducing a 

15 unique Notl site st the junction between the nef reading frsrne and the polyA signal. 

tn a first series of amplification, a 961 bp fragment was amplified with the 
oligonucleotides gp41.4 (s), overlapping the BamHt site m gp41 of HIV1HXB2- and 
nef27 (a) from the pAERS template, and a 402 bp fragment was ampfified with the o- 
ligonudeotides IN-A (s) and LN-B (a) containing an Xbat ste-from a DMA template 

20 containing the poiyadenylation site of the rnsuHn gene. Oligonucleotides nef27(a) and 
LN*A(5) contain a complementary sequence carrying a Notl restriction site. The two 
amplfficates were purified, mixed and used as template for a second amplification with 
the oligonucleotides gp4l t 4(s) and LN-B(a) (see Table 1 for digo sequences). The 
Final 1.3 kbp product was purified, digested with BamHl and Xbal and cloned in the 

25 13.5 kpb BamHI-Xbal fragment of pAVAERB. Rasmid pCMVA8 was constructed 
substituting the 5* LTR and leader sequences in pAAWAB*8 with the CMV promoter. 
A 0.8 kbp fragment containing the CMV promoter was lifted from the plasrnid 
pCMVpA{W.W, Chang, University ofTexas. Nt.D. Anderson Cancer Center, Houston, 
TX) by double digestion with Smal and Hpal. A Mlul linker was added to the Hpal 

30 ends and me fragment was cloned into the 14.5 kbp BssHtl-Hpal fragment of 
PAAWAER& Ore cf skffl m the art te 

sequences without undue experimentation based on the teachings herein. 
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OH gpnucteotide 
SP41.4(S) 

nef 27 (a) 



Jj upteotide sequence 

5* GTGAACeGATCCTTGGCACTATC 3' 

(SEQ ID MO:1) 

5* CGGGGCGGCCGCTCAGCAGTTCT 
TGAAGTACTC 3* (SEQ ID NOi) 



10 



LN-A (s) 



LN-B (a) 



5'c cggagtacttcaagaactg ctga 
gcggcc6ccccggtgaccttcaga 
ccttggc 3' (seq id nos) 

5' gcggtctagactaagaaaccattatta 
tcatgac 3" (seq id no:4> 



15 



gag3l (s) 



5' AAGACCACCGCACAGCAAGCGGC 
CGCTGACACAGGACACAGCAAT 3" 
(SEQIDNO:5) 



CONSTRUCTION OF dHR' 

The vector ptasmid pHR" was constructed by cloning a fragment of the env gene 
encompassing the RRE (responsive element) and a spBce acceptor site between me 
20 two LTR's of the HIV-1 HX82 praviral DNA. The leader and »4> sequences were 
retained in the construct together with the 5* 0.3 kbp of the gag gene, previously 
shown to constitute an extended packaging signat. A 354 bp anv fragment (Bgill 
7620-BamHI 8474) was obtained from pR7. A Notl finkerwas added to the fSted-m 
BgJH end. The-ftagmentwas ctoned into the 8.9 kbp Noti-BamHI fragment of pfasmid 

25 pMAKK n3 TTR7 1 a pR7 derivative containing mutations in the gag CO dons 1 13, 1 14, 
and 118 (the last ones introduce a unique Notl cloning site; sequence as in 
otkjonucteofiQeGag31 (s)). PtesmidrjHR was obtained. PJasnr^r^'^^Sen^^ 
introducing a frameshrft mutaton 42 bp downstream the gag gene AUG, which doses 
the reading name of the gene fragment retained in the construct The mutation was 

30 introduced by opening and flBngnn a CtatsBe. Two unique BamHlarrtXhol sites are 
available in pHR* upstream of the 3* LTR for cloning inserts. 
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CONSTRUCTION OF oHFT ^acZ and pHft» ^Clucif 



10 



A SallOChol 3.6 top fragment containing the E cotf (i-galactosidase gene under the 
trascriptiortal control of the CM\/ promoter was obtained from the plasmid pSLX- 
CMVLacZ (SchaTfmann et aL Prcc NatL Acad Set. USA, 88:4626, 1991). After 
fffling-in the Sail ends, the fragment was cloned into the 85 kfap Xhol-BamHl fragment 
of pHR\ whose BamHi «nds had previously been filled-in. pHR'-ClacZ was obtained, 
pHR'-CLudf was obtained replacing a 3.1 top BarnHtXhol fragment in pHR'-CUeZ. 
containing the LacZread^ 

luc (Promega) containing the firefly tucferase reacfing frame. 



Example 4 
PRODUCTION OF VECTQR PARTICLES 



Replication-defective viral partiries were produced by the transient cotransfection of 
the above-descrfoed plasmids in 293T human kidney ceils. All plasmtds were 

15 transformed and grown in £ COtf HB101 bacteria following standard molecular biology 
procedures. For transaction of eukaryotic cells, piasmid DMA was purified twice by 
equHibrium centrtiugation in CsCl-ethidium bromide gradients. A total of 40 pg ONA 
was used for the transaction of a culture in a 10 cm dish, in the following proportions: 
10 pg pCMVAR8 T 20 pg pHR\ and 10 pg env plasmids, either MLV/Ampha. MLV/Eco 

20 or VSV.G. When a plasm id was omitted, oradded m different proportion, pGEM-LacZ 
was added to maintain constant Hie total amount of DNA added to the ceUs, 293T 
cells were grown in DMEM supplemented with 10% fetal calf serum and antibiotics 
in a 10% CO^ incubator. Cells were plated at a d^sily of 1.3x10^10 cm di^ the day 
before transfection_ Culture medkim was changed 4 to 6 hr& before transaction. 

25 Calckimphosphate^yiAcomptare 

and Okayama (Mot Ceff. BhL 1 7:2745, 1987), and incubated overnight with the cells 
in an atmosphere of 5% CO^ The following morning, the medium was replaced, and 
the cultures returned to 10% CO± Conditioned medkim was harvested 48 to 60 hrs 
after transfectkm.deari^ (300 xg 10 

30 mtn), and filtered through 0.45 pm low protein binding filters. The conditioned medium 
was either used immediately for infection or kept frozen at - 80° C. The content of viral 
particles was monitored by p24 gag antigen ELISA (DuPont). 
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MLV-based vectors were also produced from transient cotransfection in 293T cells 
of the fcnowing plasmids. Ptesmid pSLX-CMVLacZ (Schartmam et a/-, Pmc. NaB. 
Acad. Sol USA, 88:4626, 1 99 1 ) is a MLV<lerived vector carrying a CWfV-driven Eco# 
^galactostdase gene. The pCL ptesmid series carry a hybrid CMV4.TR promoter 

5 allow* for CWTV-dr^ 

sfunctionaJLTR in the target cefl (FL Naviaux. Saflc Institute, La Jotta. CA). Plasmid 
pCLNC-Ludf is a MLV-dertved vector carrying a CMV-driven Firefly ludferase gene. 
It was made by cloning a 1.7 kbp Htndlll-Stul fragment from pGEM-luc (Promega). 
containing the luciferase reading frame, into the 8 kbp Clal-HindlH fragment of 

10 pCLNCX, after fflfing-in the Ctal ends. Ptesmid pCL-ECO is a ectrtropic packaging 
plasmjd. Piasmid pCMV-GACPOL (M Somia. Salk institute, la Jotta. CA) is a semi- 
packaging plasmid carrying a CMV-driven gag-pol gene from MLV. It was used in 
conjunction with pMD.G to package VSV/^pseudctyped MLV-based vectors. 

Figure 2 snows a comparison between the infectious titers of recombinant lentjvirus 
15 (HTV) construct and an MLV construct assayed on 208F fibroblasts. The results 
indicate that the HIV vector of the present invention is at least as infectious as the 
standard MLV vector. Purified stock indicated that titers after concentrating the 
supernatant by uttracentrifugaticrL Yield reflects percent recovery of virus after 
concentration. 

20 Figure 3 shows the results of co4ransfedion of a packaging construct env-encoding 
construct and transfer vector (as in Figure 1 ). Various HTV and MLV-based packaging 
constructs were compared using amphotropic and ecotropic env genes, as well as 
VSV.G env. The figure shows a comparison of infection of rat 208F cells with the 
resulting recombinant retroviruses. The titers for the HIV constructs having an MLV 

25 (amphotropic) or VSV.G env were similar to the standard MLV-based vector 
(approximatery 10 s ). The rnfectraus titer for the HJV-based construct having an MLV 
ecotropic env was about 10-foid less man the amphotropic env (appro*. 10*). 
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S*amnlefi 
CQMCENTRATip y qP VIRAL PARTICLES 

Pooled conditioned medium harvested as described above was layered on top of a 
cushion of 20% sucrose solution in PBS and centrifuged in a Beckman SW28 rotor 
5 at 50.000 xg far 90 mm. The peRet was resuspended by incubation and gentle 
pipetting in 1-4 m! PBS for 30-60 mm, then centrifuged again at 50,000 x g x 90 min 
in a Beckmann SW55 rotor. The pellet was resuspended in a minimal volume (20-50 
ul) of PBS and either used directly for Infection or stored in frozen aliquots at -80°C. 

Examples 

10 INFECTION QP CULTURED CELLS 

For the infection of cultured cells, serial dilutions of conditioned medium from 293T 
transient transfectants or of concentrated viral stocks were added to the culture 
- medium supplemented with 8 pg/ml poJybnre. The ceHs were incubated from 3 hrs 
to overnight, then the medium was replaced, and the cells further incubated for 36 hrs 

15 prior to assaying expression of the transduced gene. Expression of f>Gatectosidase 
fll-Gal) was scored by fixing the cultures 5 mm in cold. 2% forraatdehyde/CL2% 
giutaraldehycte in PBS. washing twice with PBS, and staining with 1 mg/ml X-gal in 
PBS containing 5 mM each of K fern- and ferro-cyanide and 2 mM MgCI* for 4 hrs 
to overnight at 37°C. Titers were calculated counting the number of individual foci of 

20 blue cells per well, and multiplying it by the volume of vector stock added and the 
dilution factor. Expression of luciferase was assayed by washing the cultures twice 
with TBS and extracting the cells with 200 uUwdl 0-5% NP40 in TBS containing 5 mM 
MgCL. The extract was cleared by centrifugation at 15,000 x g for 10 min. 50 pi of 
extract were diluted with 150 ui of 75 mMTris-HCIpH-7.8, 15 mM Mg acetate and 

25 4 mM ATP, and assayed for luminescence in a luminometer which added 100 ui of 
1 mM ludferin. 

Human HeLa cells (ATCC) were grown in RPM1 1640-10% fetal calf serum in an 
atmosphere of 5% CO*. For infection of dividing cultures, cells were seeded at a 
density of 1.6 x 1 0rwell in a 6^weH tray the day before inflection. G1/S arrested 
30 cultures were prepared seeding 2 x 10 s celts/well two days before infection, and 
adding 15 ug/ml aphidicofin 24 his before infection. Aphjdteotin was added daily to 
the medium throughout the infection and post-irrfection time, as described. G2 r 
arrested cells were prepared by exposing the cells for 20 mm to a "Co source 
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calibrated at 200 rad/irtn one day before infection and seeding the ceils , at 4 x 
Kfrwell. Cell cycle arrest at the indicating stage of the cycle was confirmed by 
propidium iodide staining and flow cytometry. 

Figure 4 shows the relative efficiency of transduction of CMV-0-Gal into HeLa cells. 
The cells were growth arrested using either pnannacotogtcai means (aphidfcofin) or 
x-irracfetion. The infection rate for the HiV-based vector was more efficient when eefis 
were arrested at the G1/S interphase by aphidicolin, however, the HIV-based vector 
was more efficient than MLV-based vector overall. 

Rat 208F fibroblasts (a gift of B. Sefton. Satk Institute, La Jotta, CA) were grown in 
DMEM-10% calf serum in an atmosphere of 10% CO,. For infection of growing 
cultures, ceils were seeded at a density of 10 s cells/well in a 6-well tray the day before 
infection. Growth^rrested cultures were prepared by seeding 2.5 x 10 6 cells/well in 
a 6-welt tissue cufture tray, and shifting the cultures to medium containing 5% calf 
serum and 2 pM dexamethazone after they reached confluence, as described by 
Miller et at ( Mo/. Ceff. Btof.. 10:4239, 1990). Medium was changed every three-four 
days, and the cultures were kept for two to four weeks. When not otherwise indicated, 
G 0 cultures were used 3 weeks after reaching confluence. Growth arrest was 
documented by propidium iodide staining and flow cytometry. The fraction of ce«s in 
S-phase was 40 to 50% in growing «sHs, and from 10 down to 2% after reaching 
confluence, depending on the time past it For rescue experiments, infected G 0 
cultures were trypstnized at the indicated time after infection, and the cells repteted 
at several dilutions. Expression of f>Gal was scored 48 hrs from restating. 

Figure 5 shows the relative efficiency of transduction of CMV4ucrferase into rat 208F 
fibroblasts with the HIV- and MLV-based vectors in ceBs growrth arrested for 4, 7,11 
or 15 days. The results sr*w that to 

efficiency of transduction of the HIV-based vector versus the MLV-based vector was 
approximately 4-10 fold higher, depending on the length of time of the growth arrest 

Human peripheral Wood monocytes were prepared from the buffy coats of healthy 
donors as previously described (von Scbwedter ef a/.. Pioc Natl. Acad. ScV. USA, 
31:6992. 1994). MoTOcyte-derived macrophages were cultured in RPM1-10% human 
serum (Sigrna) for two to four weeks prior to infection. Rgure 6 Shows the results of 
transduction of CMV4udf erase into human primary macrophages using the HIV* 
based and MLV-based vectors, either with or without an envelope. The MLV-based 
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vector was almost completely ineffective in infecting the cells arid was simitar in 
infecfivity to the non-enveloped vims. In co n tr as t, the HlV-based vector was highly 
efficient in transducing primary macrophages. 

Further, the survival of the HFV-based vector was assessed in growth arrested cells 
5 that vi^ passage over a penod of 2-8 days, Sur^^afmeMLV-ba^\'e<^was 
very taw in cells at GO and after repl sting at 2, 4, and 8 days. However, the HlV-based 
vector maintained at about 45-50% hfecth/ity in the same ceils. While not wanting to 
be bound by a particular theory, it is believed that HIV can remain extrachromosomal 
without being degraded. unlflce MLV. Therefore, HIV is stable without integration. 

10 Example 7 

INFECTION /rt VfcP 

For in vho experimentsTHIV-based and MLV-based vectors carrying a CMV-LacZ 
marker gene were used. Both vector types were pseudotyped with VSV.G envelope 
protems. Vectors were purified and concentrated to a titer of 3 x 10*1 ,LUntf in a vehicle 

1 5 of sterile PBS supplemented with 2 pg/ml polybrene- All procedures were performed 
according to institution-approved protocols for animal work, and in a biosafety level 
3 (BSL3) environment. Normal adult female Fischer rate were anesthetized with a 
mixture of ketamine (44 mg/kg), acepromazine (CL75 mgfcg) and xyiozine (4 mg/kg) 
m 0.9% NaCl. 2\A of viral suspension were slowly injected in the corpus striatum of 

20 both sides of the brain with a stereotactic guide using a 5 pi Hamrttoo syringe with 
a 26 gauge beveled needle. 7 days after injection the rate were deeply anesthetized 
and perfused with 4% fonnaldehyde/D.1% glutaraWehyde. The brains were removed 
and free-floating coronal freezing microtome sections (40 pm) were processed in 
paraHel series of one section out of every fwe cut On^ series was processed for 

25 Gal immurK>cytochemt5try with a monoclonal antibody and stained with avkfin/btotin 
peroxidase and diamirroberadine/NiClj as substrate. Another series was processed 
for triple immunofluorescence with p-Gal (rabbit). Neutsl (monoclonal), and 6FAP 
(guinea pig) antibodies using FTFC-, Texas Red-, or Cy54abeled secondary 
antibodies. NeuN is a nuclear marker reported to be present in terminally 

30 differentiated neurons (Mullen, Oevetop., 116:201 , 1992). Glial fibrillar acidic protein 
(GFAP) is a astrocyte differentiation marker The sections were then analyzed by 
confocal scanning laser microscopy (bioRad EURTC60Q). Immunofluoresrent signals 
were collected, digitally color enhanced and superimposed. False color images were 
generated electronically using Adobe Photoshop (Adobe System Inc.)- 
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The results reveated numerous p-gal positive neurons in regions injected with the 
HlV-faased vector, but not in those inoculated with the MLV-based vector. 

SUMMARY 



"Hie results incficated the feasibffity of gene transfer using a tenttvirai vector Using 
5 growing celte, the transduction efficiency obtained with a ihree-ptasmid. transmit 
packaging system was comparable to that obtained with similarly assembled, 
conventional (MLV-based) retroviral vectors, in sharp contrast with MLV-based 
vectors, tfie lentivkal vector was capable of efficient gene transfer in the absence of 
cfivisfan of the target cefi_ Efficiency of transduction into non-dividing cefls in vflrowas 
10 dependent on the stage of cell cycte arrest Infection of G1/S and G2 arrested cells 
was as efficient as that observed with growing ceils, infection of cells arrested in Co 
ipvftro was less efficient the lesserthe longer the cutferes had been mG^ However, 
in long-term cultures the vector survived as a stable intermediate, arid it could be 
rescued to complete its infectious cycte by stimulation of the ceBs to divide. 
15 Transduction of the martcer gene into terminally differentiated cells, such as human 
primary macrophages in vitro and rat cerebral neurons in vivo, was observed 

Although the invention has been described wflh reference to the presently preferred 
embodiment, it should be understood that various modifications can be made without 
departing from the spirit of the invention. Accordingly, the invention is limited only by 
20 the following dairns. 
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What is claimed is: 



1 . A recombinant retrovirus capable of infecting a non-dividing cell comprising: 

a viral GAG; 
a viral POL; 
a viral ENV; 

a heterologous nudesc add sequence operatty &*ed to a regulatory 
nudeic add sequence; and 

ds-actmg nucleic add sequences necessary for reverse transcription 
and integration. 

2. The retrovirus of claim 1 , wherein Hie virus "is a tentivirus. 

3. The retrovirus of claim 2, wherein the lentivirus is human wnmunodefidency 
virus (HIV). 

4. The retrovirus of claim 1 , wherein the ENV is selected from the group 
consisting of Moloney leukemia virus (MIV) and Vesicular stomatitis virus 
(VSV) ENV. 

5. The retrovirus of claim 1 , wherein the ENV is amphotropia 

6. The retrovirus of claim 1, wherein the BWisecotropic. 

7. The retrovirus of claim 1 « further comprising a viral protein selected from the 
group consisting of VPR VIF. NEF, VPX, TAT, REV, and VPU. 

8. The retrovirus of claim 1 t wherein the non-divkfing cett is selected from the 
group consisting of a neuron, musde, heart, lung, liver, skin, and bone 
marrow celL 



9. The retrovirus of daim 1 , wherein the regulatory nucleic acid sequence is a 
promoter or an enhancer. 



10. The retrovirus of claim 9, whereat the promoter is a viral promoter. 
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11. A method of producing a recombinant retrovirus capable of infecting a non- 
dividing cell, said method comprising: 

transfeciing a suitable packaging host cell with the flowing: 

a vector providing a nucleic add encoding a viral gag and a 
viral pot 

a vector providing a nucleic acid encoding a viral env; 
a vector provtdfog a nudeic acid sequence encodng a 
packaging signal flanked by as-acting nucleic acid sequences 
for reverse transcription and integration, and a cloning site for 
introduction of a heterologous rwcieicat^ sequence opaai^ 
linked to a regulatory nucleic acid sequence; and 
recovering the recombinant virus. 

12. "The method of claim 1 1 . wherein the virus is a tenthrirus. 

13. The method of datm 12, wherein the tenfivirus is human immunodefidefncy 
virus (HIV) 

14. The method of claim 1 1 . wherein the transacting further includes at least one 
vector providing a nudefc add sequence selected from the group consisting 
of vpr, vif , nef, vpx tat, rev f and vpu. 

15 A recombinant retrovirus produced by the method of claim 1 1 . 

16. A method for introduction and expression of a heterologous nucleic acid 
sequence in a norv-dividing cell comprising infecting the non-dividing cell with 
the recombinant virus of daim 1 aid expressing the heterologous nucleic acid 
sequence in the non-dividing ce& 



17. The method of claim 16, whetein the heterologous nudeic add is an 
antisensi* nucleic add. 



18. 



The method of claim 16, wherein the heterologous nudeic add is a biological 
modifier nudeic add. 
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19. The method of claim 16. wherein the non-dividmg cell is selected from the 
group consisting of a neuron, muscle, fiver, skin, heart, lung, and bone 
manw cell 

20. The method of claim 18, wherein the introduction is ex vrvo. 



21 . The method of claim 16, wherein the introduction ;fe in wvo. 



22. 



The method of claim 16, wherein the vims is a tenthrirus. 
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